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eltet.. because \VS WELDED 


Welding eliminates overlapping joints in 
the modern tank car. This materially re- 
duces dead weight and makes the car easier 
to clean and maintain. It completely pre- 
vents loss or contamination of the contents 
from rusted joints. 

Tomorrow’s engineers will be expected to 
know how to apply the oxy-acetylene proc- 
ess of welding and cutting in design, con- 
struction and fabrication to give similar 
sales advantages to many good products. 

The word “welded” is packed with mean- 
ing. It means light-weight without sacrifice 
of strength. It means sturdiness and rugged- 


ness that can never shake loose. It means 





invisible joints as strong as the base metal. 
It means smooth surfaces with no place for 
corrosion to start. In short it means all that 
one piece construction can mean plus com- 
plete design freedom from the limitations 
of other methods of fabrication. 
Technical booklets describing the appli- 
cation of this modern metal-working proc- 
ess to a wide range of metals—steel and 
iron, aluminum, copper, brass and many 
other alloys and metals are available, with- 
out obligation, from any Linde Office. Write 
to The Linde Air Products Company, Unit 
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of Union Carbide and Carbon Corporation, 


New York and principal cities. 
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CHARLES W. KELLOGG, '02, who wrote the Utilities 
article, is the President of the Edison Electric Institute. One 
of the younger group of leaders, he has served with Stone & 
Webster and affiliated organizations, acquiring an unusual 
breadth of experience in the three main branches of the 
utility - business—operating, engineering, and finance. He 
began work with Stone & Webster, becoming manager of the 
Edison Company at Brockton, Massachusetts, in 1905. 
He was located at the Boston office of Stone & Webster, from 
1919 to 1925, being engaged in expert work on reports and 
appraisals, including work for the Interborough Rapid 
Transit Company and the Conowingo project on the Sus- 
quehanna River. In this period also he had charge of organiz- 
ing and conducting local securities sales campaigns for 
operating companies. Since going to New York in 1925 he has 
won recognition throughout the industry for his exceptional 
qualifications in utility leadership in matters of both adminis- 
tration and policy. 


KENNETH B. WARNER, the writer of Amateur Radio, 
is Managing Secretary of the American Radio Relay League 
and the International Amateur Radio Union, and Editor-in- 
Chief of “QST.” His association with the League and “QST” 
began in 1919, following duty with the Air Service during the 
War; the secretaryship of the Union was added at the time of 
its organization in Paris in 1925. He has represented the 
United States government, as well as the amateur organiza- 
tions, at several international radio conferences in the past 


ten years, including those held at Washington, The Hague, 
Copenhagen, Madrid and Lisbon. It is largely through his 
executive management that the A.R.R.L. has grown from its 
static obscurity following the lapse of operations during the 
war years to its present high estate as the foremost hobby 
organization of its kind in the world. Mr. Warner is a Major 
in the Signal Corps Reserve, and a Fellow of the Institute of 
Radio Engineers. As befits the active head of a hobby organi- 
zation, he is himself a man of many hobbies, but amateur 
radio (he operates amateur station W1EH) and still photog- 
raphy are dominant. 


IRVING PESKOE, °39, author of the article on Poisons 
is a graduate of Long Branch High School in New Jersey. As 
a freshman at Technology Mr. Peskoe played on his class 
squash and baseball teams. At present, he is a member of the 
squash junior varsity team, and Contributing Editor for the 
Tecu ENGINEERING News. 


ROY D. HAWORTH JR. °39 wrote the article on the 
The Polar Aurorae in this issue. After being graduated 
from the Upper Darby, Pennsylvania, High School in 
1935, he entered Course III (Production Metallurgy) at 
Technology. Since then, he has become Assistant Features 
Editor of the Technique and a member of the American 
Society of Metallurgical Engineers. His hobbies are mineral- 
ogy, photography, and nature study. 
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An accurate and quick means of determining the field | 
strength of magnets is an important factor in the manufac- | 
ture and use ss types of electrical apparatus. 

With the Grassot Fluxmeter, magnetic flux may be 
read with the same ease and accuracy with which current 
and potential are read on ordinary ammeters and volt- 
meters. This instrument has been found invaluable to many 
manufacturers throughout the country who are concerned 
with the performance e of magnets. 

It is a robust instrument, so can be used by unskilled 
workmen and at the same time possesses high sensitivity 
suitable for the laboratory. 
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When you want your car serviced by men who know how, coupled with the proper equipment, 
you will make no mistake in bringing it to us. 


For years we have been rendering service to both members of the faculty and students at M. I. T. 


Located near by at 306 Massachusetts Avenue. 


We have live storage facilities for a limited number of cars for any who are interested. 


RYAN & McMATH CO. KIRkland 2020 306 Mass. Ave. 
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Research By 





AMATEUR RADIO 


By KENNETH B. WARNER 
Secretary of the American Radio Relay League 


HEN one speaks of organized research, there is 

called to mind the spectacle of rows of white-coated 

technicians laboring before long tables covered with 

the more esoteric tools of science. The picture of 
an “attic laboratorion” whiling away spare hours with home- 
made equipment and no qualifications except the urge to do 
is remote from that description. 

Yet, there is a meeting ground where, in a sense, the two 
merge—where the characteristics of the trained researcher are 
conjoined with the special penetrativeness of the spontaneous 
searcher, working with equipment especially designed and 
refined through nearly two score 
years to meet needs specific to 
that mode and field of operation. 

That meeting ground is amateur 
radio—foremost technical hobby 
in the world, “‘all things to all 
men.” There is, perhaps, no need 
to define just what amateur radio 
is; hardly anyone lives today, 
particularly of those in technical 
fields, who does not know that it 
is the practice of two-way radio 
communication, either by voice or 
code, by those who pursue the art 
“solely for personal reasons and 
without pecuniary interest.” 

To become a radio amateur in 
the nearly seventy nations sig- 
natory to the International Tele- 
communications Convention one 
must first be licensed by the 
government. In the United States 
these licenses—there are two of 
them, one for the operator and 
one for the station, issued jointly 
—are granted by the Federal Communications Commission. 
Each applicant for an amateur operator's license is required 
to demonstrate his ability to send and receive the Inter- 
national Morse code at a speed of thirteen words per minute, 
and to pass an examination concerning his technical knowl- 
edge and his familiarity with national and international laws 
and regulations. 

Having once secured his license, what does the amateur 
do? Well, he will doubtless first content himself with the thrill 
of exercising his new-found right to converse with his fellows 
on the other side of a town, a state, a nation, or the world. 
This, in the parlance of the game, is called rag-chewing; it is 
accomplished on both c.w. and ’phone (code and voice), and 
many amateurs never do anything else. But others specialize, 
limiting their work almost entirely to international contacts— 
DX (distance) men. 

Still others—about ten percent, the backbone of the art 
—go in for organized relaying of messages, with regular trunk 
lines covering the nation, a highly-developed system of 
message-handling technique, elaborate reporting routines, and 
so on. Corollary to this group—and often overlapping—are 
the organized military affiliates: the Army-Amateur Radio 
System (a voluntary organization, not enlisted) and the 
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An experimental directive antenna array for 
56-mec. work, built and used by W2EKC. 


Operators 


U.S. Naval Communications Reserve (a regular reserve unit). 
It is these highly systematic traffic-handling groups, provid- 
ing the bulk of the emergency communications in time of 
national distress, that have received such widespread national 
utilization and commendation in nearly a hundred disasters 
of one kind or another during the past twenty-five years. 

Sub-headed under these main groups are still others, an 
infinite variety of them, for amateur radio is indeed a many- 
mooded mistress. But the subject for our immediate con- 
sideration is not the operating proficiency of radio amateurs, 
but their technical qualifications and contributions. 

Amateur radio started almost 
with the dawn of the radio art. By 
the turn of the century it was 
definitely in existence—the wildly- 
exciting new hobby of hundreds of 
erstwhile ‘electrical experiment- 
ers,” the origin of the “attic 
laboratory” motif. These dabblers, 
in point of fact, largely developed 
the early radio art. The process 
was a uniform one: an exper- 
imenter, as an amateur, would 
develop something. It would prove 
to have commercial value, and he 
would sell it, crossing the boun- 
dary into commercialism. There 
were many such defections, as in 
most fields of widespread develop- 
ment. But by about 1908 the fun- 
damental characteristics of a new 
branch of a new art had been es- 
tablished—the principle of an 
amateur of engineering and sci- 
ence operating almost as an 
amateur of sport (these days, the 
amateurs of science are much the purer!), competing on almost 
the same level of achievement—indeed, in the early days, 
frequently greatly out-distancing the professional in_per- 
formance. 

From the beginning, then, the amateur has made profound 
contributions to the art. Simultaneously, he grew in numbers 
and importance. By 1912 there were so many of him that the 
United States Government threw up its hands and quit the 
unequal struggle for space—surrendering by a process of 
hitting below the belt and banishing the amateur to the 
“worthless” wavelength of 200 meters under the Radio Act 
of 1912. 

From this event dates the real story of amateur radio's 
technical progress. Forced by legislative restriction to solve 
problems regarded by the professional radio men of that day 
as insurmountable, they went ahead and solved them. First, 
they made the 200-meter wavelength work—across the 
continent, across the oceans—an impossible, unbelievable, 
performance. Then, inspired by a blend of over-congestion and 
individual inquisitiveness, they proceeded to explore the 
theretofore-unknown territory below two hundred—the 
short-wave region, now the most valuable and important in 
radio. 


Illustrations courlesy Q.S.T. 


















































































































The ‘‘Super-Infraregenerator”’ receiver, admittedly the 


most effective type yet designed for ultra-high- 
frequency work, utilizes midget ‘‘acorn”’ 
tubes, triple detection, and a super- 
regenerative third detector. 


But this is more or less of an old story. Most people know 
something of it. Of more immediate interest is the fact that 
amateur contributions to technical radio knowledge have con- 
tinued to flow in an unceasing stream. Beginning in 1930, the 
amateur proceeded to perform the same species of develop- 
ment of the ultra-short-wave region that he had previously 
performed in the short waves. Working in the laboratories (if 
amateur workshops can be dignified by that term) of the 
American Radio Relay League, Ross A. Hull and his co- 
workers first established the utility of simple and inexpensive 
ultra-high-frequency equipment, bringing about a_ large 
proportion of pioneering occupancy. Then they proceeded to 
record and evaluate comprehensively, for the first time, the 
characteristics of the region, resulting in the postulation of 
the profoundly important new theory of lower-atmosphere 
refraction of ultra-high-frequency waves. 

From another technical 
leader in the amateur field, 
James J. Lamb, technical 
editor of QST, has come 
another important series of 
developments. In 1932 he 
introduced the single-signal 
receiver, the most selective 
telegraph receiver in com- 
mon use today. In early 
1923 his noise-silencer for 
the reduction of “man- 
made static’? was hailed 
as one of the most potent 


WI1CCZ, a vertiable ama- 
teur’s paradise, is cap- 
able of operating in any 
of the amateur bands 
from 3.5 to 28 me, 







inventions in the radio art in years. Currently he has 
introduced “‘heterotone” reception, a method of securing 
the advantages of tone-modulated code transmissions 
without the disadvantages of its wide channel occu- 
pancy. 

Of course, as in any other technical field, progress 
opens the way for progress. Amateur radio has on its 
horizon a veritable forest of embryo developments any 
one of which might well soon result in a minor revolu- 
tion in high-frequency technique and practice. In the 
realm of reception, for example, constant attention is 
being given the basic problem of overcoming unwanted 
noise and so improving the signal-to-noise ratio. Then, 
there is the ever-present problem of attaining high 
selectivity for the elimination of unwanted signals. The 
application of newly-developed electro-mechanical 
filters is being studied in this particular field. Perhaps 
most important of all, in amateur work, are those par- 
ticular developments which lead toward a simplifica- 
tion of equipment without sacrifice of performance- 
developments beset with peculiar and strangely pro- 
found problems. 

In the transmitting field doubtless the most prom- 
inent goal is the improvement of efficiency in both 
high-frequency and _ ultra-high-frequency work—im- 
proved efficiency not alone in actual power consumption 
but in general communications utility as well. Ease of 
frequency- and band-changing is an element of this 
program. Reduction of spurious radiations is another. 
Theh there is the vast field of improvement in the 
utilization of radiotelephone communication bands by 
modifying the amplitude-frequency in the speech spectrum. 
This naturally leads to single-side-band radio-telephone— 
our most visible “ultimate” goal. 

Perhaps the most immediately fruitful field of amateur 
research at the moment is in connection with radiation 
systems. The major sub-divisions are research into the 
prediction of performance of amateur-frequency antennas in 
sky-wave communication, improving the effectiveness of 
antenna systems in limited space, and work with directive 
arrays of various types. The amateur has learned through 
painful experience that the antenna is the most important 
single element in the radio communication chain, and he is 
utilizing the lesson. 

In the fascinating new field of ultra-high-frequency research, 
(Continued on page 20) 
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A Review of 


POISON 


By IRVING PESKOE, ’39 


Massachusetts Institute of Technology 


WAY back in the dim past, a now unknown experi- 
menter bethought himself to steep his weapons in the 
venom of a reptile he had just slain. To this ignorant 
savage we owe the beginning of the tremendous 

present-day science of toxicology, with all of its ramifications 
and bypaths. 

Undoubtedly the history of poisons is as old as the history 
of crime, for mention of the use of poisons as a means of 
assassination is found among the most ancient records. In 
fact, the modern word toxicology can be traced back to an 
ancient root meaning “bow” or “‘arrow,”’ or, in a wider sense, 
a “tool” used for slaying. 

Primitive tribes first discovered that weapons soiled with 
the blood of former wounds were more deadly than weapons 
left untreated; knowing nothing about septic poisons, the 
superstitious natives attributed the resultant blood poisoning 
to supernatural causes. In time the poisonous properties 
of arsenic, opium, henbane, aconite, and a few other 
substances became known to the ancients of Egypt. Knowl- 
edge of them was handed down orally; we have no exact 
information as to just what was transmitted. However, 
on an early Egyptian papyrus was recently found inscribed, 
“Pronounce not the name of I.A.O. under the penalty of the 
peach.”’ Peaches, of course, are harmless, but prussic, or 
hydrocyanic acid can be distilled from their stones. Since the 
Egyptians were the first to practise distillation, we can safely 
infer that prussic acid is the substance referred to. Later 
Egyptian records frequently mention the use of the distillate 
of the peach. 

The most ancient lore of poisons was concerned largely with 
snake venoms, especially those of the viper, water snake, and 
asp. Cleopatra, following the methods of her time, first tested 
the poison of the asp on her slaves before administering it to 
herself. 

In the second century B.C., Mithridates, king of Pontus, 
undertook to find a universal antidote against poisons. A 
recipe that he handed down was later developed into molasses. 





—TIllustrations courtesy American Dyestuff Reporter 


Red cells in an acute case of lead poisoning 
showing Basophilic Stippling. 
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Through the Ages 





Dust collecting apparatus. 


Like his people, Mithridates believed that since the asp was 
immune from its own poison anyone partaking of the flesh of 
the asp developed the same immunity. 

The Greeks and Romans, despite a widespread use of a few 
violent poisons, had a very incomplete understanding of toxic 
substances. Nevertheless, Homer often mentions lead and tin, 
the salts of which may easily have served as poisons. Accord- 
ing to one authority the description of the encounter between 
Ulysses and Circe is suggestive of the administration of a 
drug with poisonous properties and a countering of its effects 
with an antidote. 

Among early Roman writers all references to poisons were 
generally veiled. Hemlock, though, is often mentioned as an 
excellent agent for the taking of one’s life, and actually was in 
great favor for this purpose. Concentrated prussic acid must 
also have been used widely for no other poison of that day 
could possibly have caused its victims to drop dead so sud- 
denly as the various accounts would have us believe they 
did. As the Roman Empire decayed, poisoning became more 
and more prevalent, the various writers becoming more 
sensational in their accounts. 

Although poisons were generally used for abuses, the 
doctors of that day actually employed one as an agent of 
mercy. Afropa Mandragora, a narcotic almost equivalent to 
our Atropa, or Deadly Night-Shade, had the peculiar prop- 
erty, when administered correctly, of producing a long deep 
sleep which resembled death, then passing off suddenly 
leaving its victims unharmed. The Greek physicians were the 
first to make a wine called “‘death wine’, which they adminis- 
tered for the same purpose as we administer chloroform 
today, to patients about to undergo operations. The formula 
for this wine, which went out of use about the fifteenth 

century, still exists as Descantes and Pliny gave it. It is 
thought that during the period of the Grand Sanhedrim, the 
Jewish women went to the crucified victims on the crosses of 
the Romans, and gave them mandragora to drink, in order 
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Globules of mercury as seen under the microscope 
in the Reinsch test. 


that their sufferings might be allayed. Many of the victims, 
while under the action of the drug were cut down as dead, 
and thus escaped death. 

Early in the Christian era professional poisoners arose and 
for a long time practiced their art without outside inter- 
ference. The infamous Locusta thrived around 25 A.D. She 
is supposed to have been the agent whereby Agrippina ridded 
herself of Claudius and Nero disposed of his brother Brittani- 
cus. The latter case provides an interesting example of the 
ingenuity with which the poisoners worked. 

The Romans were accustomed to drink hot water and, as no 
two men’s tastes were alike, the slaves were charged with 
bringing the water to the degree of heat most agreeable. At a 
banquet a slave brought hot water, tested against poison, to 
Brittanicus, who ordered it to be cooled. The slave added 
cold water which Brittanicus neglected to have tested; no 
sooner had he drunk than he toppled over dead. Agrippina, 
his mother, and Octavia, his sister, were struck with terror 
but Nero, the originator of the crime, looked on coldly, saying 
that such fits had often occurred to him in childhood without 
evil results. The banquet then went on as before. Undoubtedly 
concentrated prussic acid had been used to get such immedi- 
ate results. 

Although we know little about them, the Asiatic nations 
probably used poisons more than the northern or western 
races. The self-sacrifice of the Hindu widow on the funeral 
pyre of her husband is ascribed to an ancient law devised by 
the Brahmins. At one time in Brahmin history every minor 
conjugal quarrel was liable to be settled by the wife’s adminis- 
tering a virus to her mate. Only the law was able to effectively 
check the threatened extermination of the entire male 
populace. 

Poisoners were universally encouraged by the fact that not 
until the fifteenth century was dissection authorized by the 
Pope. Previous to this time the ancient doctors attached all 
importance to outward signs. If a body became livid or 
mottled it was a sure sign that poison was the cause of death. 
If putrefaction rapidly set in they assumed their autopsy to 
be conclusively proven, whereas some materials, arsenic for 
example, retard putrefaction. Large numbers of people have 
died of poisoning without anyone suspecting the truth, and 
still more from sudden disease, the effects of which were 





wrongfully ascribed to poisons. The death of Alexander the 
Great, for example, has been popularly ascribed to poison, 
but was caused by a malarious fever which the emperor con- 
tracted in the marshes around Babylon after a drinking bout. 

During the Dark Ages royal poisoners sprang up every- 
where. Charles le Mauvais, King of Navarre, in a document 
which still exists, commissioned Woudreton to poison Charles 
VI, Mauvais’ brother, and his uncles, the Dukes of Berry, 
Burgundy, and Bourbon. King John of England is supposed 
to have given Maud Fitzwalter the Fair a poisoned egg when 
she spurned him. The Council of Ten, which sat in Venice 
during the early sixteenth century, calmly voted for and 
against proposed assassinations by the score. The Council 
accepted commissions from anyone and had a regular tariff 
appraising the value of the lives of most of the noted men 
of the day. 

A widespread search went up during the Middle Ages for 
universal antidotes against poisons. The two substances that 
found the greatest favor were the Unicorn’s horn and the 
bezoar stone, a gallstone or some secretion which formed 
in the intestines of live stock, especially of goats. Charles 
IX of France was presented with a bezoar of which he was 
very proud. Wishing to test it he requested his provost to 
supply him with a criminal who deserved hanging. After 
one had been obtained Charles gave him bichloride of 
mercury to drink and then the bezoar stone to swallow. 
After seven hours of intense suffering the criminal finally 
died, to the great rage of the king. 

Every country has its own poison lore. Italy, due 
largely to the activities of the Borgias, can probably lay 
claim to more anecdotes of this type than any other 
European nation. The Latin races usually favored venom 
over steel when they wished to destroy their foes, whereas 
the cold northern countries always had a horror of poison, 
preferring bullets or blades. Nevertheless, a brilliant historian 
of the Borgias, Frederick Baron Corvo, says that this notori- 
ous family was not as murderous as popular fiction would have 
us believe, simply because its members lacked the means to 
do much evil. Never has there been a poison which acts as did 
that reputedly used by the family. In fact, the most powerful 
toxins of our day were unknown in Italy then. Fortunately 
for the people of that day it was the custom of all poisoners to 
subject their preparations to complicated processes of boiling, 
sun-baking, sublimation, and distillation. So effectively did 
this alter the properties of the poisons which made up the 
compounds that their effects were unpredictable. Even the 
inventors of new compounds would not guarantee their 
efficiency. 

Since the Borgias had no murderous compounds, they could 
scarcely have used the poison rings which popular fancy has 
always attributed to them. No ring could possibly have con- 





Octahedral crystals of arsenic trioxide formed during 
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THE TECH ENGINEERING NEWS 





tained enough poison to cause its wearer’s death. Baron 
Corvo says that not only have none of the definite accusations 
against the Borgias been proven, but, on the contrary, all 
have been shown to lack solid foundation. 

In the seventeenth century a band of poisoners, notorious 
among whom was a certain Toffana, arose in Italy. Toffana is 
suspected of using an arsenic solution called Acquetta di 
Napoli to remove more than six hundred persons, among 
whom were two popes. She had many disciples; one in par- 
ticular formed an association of young married women whose 
many projects included the assassination of their husbands. 
The idea of wholesale poisoning of a community by poisoned 
water originated at the time of Toffana who, but for a strate- 
gem on the part of her prosecutor, would have lived to a ripe 
old age. She was under the protection of an Archbishop and 
not until her prosecutor, the Viceroy of Naples, suggested that 
she had poisoned the water supplies did the people demand 
and get her execution. 

By no means were crimes of the nature discussed popular 
only in Italy. Voltaire, in his History of the Reign of Louis 
XIV, mentions a number of outrages which shocked Paris. 
Probably Madame de Brinvilliers was the most infamous 
woman of her day. She is believed to be the inventress of 
“les poudres de succession” which she tested on the patrons 
of the Hotel Dieu. Casting about for available subjects she 
poisoned her father, brothers, sisters, and other more distant 
members of her family. Voltaire does not say why she spared 
her mother who would presumably have made an excellent 
subject. In the middle of Louis’ reign she was finally beheaded. 

Modern poison lore practically dates from the discovery by 
Marsh in 1836 of an accurate test for arsenic. For more than a 
century previous to this date arsenic, white, tasteless, and 
deadly, capable of introduction into the human frame in all 
manner of subtle ways, of killing slowly or quickly, and of 
simulating the effects of disease, was almost synonymous 
with poison. The great chemist Scheele, in the eighteenth 
century, and then Proust, studied the gas that arsenic 
formed with hydrogen. Then other leading chemists, in- 
cluding Gay-Lussac and Davy, undertook research with 
this gas. All of these efforts culminated in the discovery by 
Marsh of the test bearing his name. This test will detect, 
with certainty, a millionth of a grain of arsenic. 

Modern poison lore differs from the ancient lore in its 
exactness and emphasis upon the properties and action of 
poisons. Every physiological change that a toxin may 
bring about in the body is carefully measured and recorded 
at the bedside, while the laboratory proves the existence of 
the most minute amounts of any foreign substance in the 
body. Only in the present era have attempts been made to 





Votatile distillation apparatus. 


FEBRUARY, 1937 





Grinding organs (stomach) for 
chemical examination. 


define a poison. A commonly accepted definition is, “A 
substance which if taken internally in small doses is cap- 
able of acting deleteriously on the body or of destroying 
life.” A more technical and comprehensive definition is, 
“A substance which by its direct action on the mucous 
membrane, tissues or skin, or after absorption into the 
circulatory system can, in the way in which it is administered, 
injuriously affect health or destroy life.” A study shows that 
the latter meaning includes mechanical irritants such as 
powdered glass and metallic filings, table salt in excess, and 
boiling water. An odd fact is that there is no official legal 
definition of a toxic substance although legal sections often 
say “poison or other destructive or noxious thing.”’ 

It is only from the modern poison lore that we get a des- 
cription of the properties and actions of poisons. This data is 
fully as fascinating and more informative than ancient 
accounts of sensational happenings. From here on we shall 
concern ourselves only with the modern findings. 

Because one can never say that a substance is not a poison 
under certain circumstances, it is purely a matter of opinion as 
to how many poisons there are. Lead, copper, arsenic and 
antimony all enter into a large number of toxic compounds. 
All anaesthetics, under certain conditions, are deadly. Acids 
and alkaloids, both organic and inorganic, furnish over sixty 
possible weapons for the assassin. There are at least fourteen 
gases and twenty-six complicated animal and vegetable sub- 
stances that are poisonous. Glucosides comprise many deadly 
toxins. However, not more than forty poisons ever figure as a 
cause of death. At least sixty are chemical rarities, accessible 
only to a few. 

Vulnerable areas of the body are the heart, brain, and 
lungs. About nineteen percent of one hundred and sixty known 
poisons act directly on the brain and spinal cord, either 
lulling one to abnormal sleep or exciting him to abnormal 
activity; five and one half percent affect the respiration; a 
little over four percent primarily affect the heart; and thirty- 
nine percent are irritants. The remaining portion has an action 
so varied that its members cannot be classified in this way. 

For a list of the popular poisons, the symptoms present 
upon their application, and their antidotes any book on 
toxicology may be consulted. An especially comprehensive 
one, replete with case histories, is Dr. A. Taylor’s On Poisons 
in Relation to Medical Jurisprudence and Medicine. 

Of interest is the wonderful mimicry of disease which cer- 
tain poisons may produce. The fatal bite of the Cobra some- 
times brings on the effects of palsy of the tongue. Atropine, 

(Continued on page 22 
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PUBLIC UTILITY PROBLEMS 


By CHARLES W. KELLOGG, °02 


President, Edison Electric Institute 


HIS discussion of the electric utility business dwells 
principally on the two features of the business which 
have received the most public attention in the last 
few years — household rates and the holding company. 

The fact that the first of these features is a live topic is 
itself an anomoly, for, while the aggregate capital invested in 
the electric business is about $13,000,000,000, thus making 
it one of the largest masses of invested capital in the country, 
yet the public’s attention is focused on only 18 percent of the 
energy it sells; to wit, that part used by the residence con- 
sumer, for which his average bill is something over nine cents 
per day. Slightly more than one percent of the electric cus- 
tomers of the country consume 60 percent of the energy sold, 
and something under 16 percent of the customers consume 
82 percent of the energy sold. The spotlight of public atten- 
tion is kept constantly focused on the remaining 18 percent 
of the energy, because it is used by 22,000,000 customers. 
Nothing I can think of in our commercial history as a nation 
could demonstrate more strikingly the truth of the adage, 
“It pays to advertise,’ than this emphasis on the nine cents 
a day per family for electricity which forms about 2 percent 
of the average family budget. 

The carping critic might at once reply that the reason for 
this emphasis is the high rates charged for residence electricity ; 
but this comment simply makes the mystery deeper, for there 
is hardly an item in the family budget in which the unit cost 
has been reduced so steadily and substantially in the last 
quarter century as the electric item in the home. If we take 
the pre-War year 1913 as a base, the residence kilowatt hour 
rate average country-wide has since then been reduced 46 per- 
cent. (almost cut in two) and even since the reference year 
1926 the reduction has been 32 percent. During these two 
periods under review the percentage of their gross earnings 
paid by the electric utilities in taxes has increased respectively 
154 percent and 43 percent. 

Who is it that has been the severest critic of the utilities? 
The householder, who pays the bills and who finds that elec- 
tricity is about 2 percent of his budget? The householder, 
who in the last three years has seen an increase in the price of 
his average ration of pork and ham of more than the folal 
of his electric bill? The housewife, who through electricity has 
had domestic labor lightened? No, it is none of these directly 
interested beneficiaries, but the Government. 

During the periods chosen (since before the War and since 
1926) what sort of a job has the Government done in saving 
expense to the people that would justify it in criticising an 
industry that has made such a wonderful showing in rate 
cutting as have the electric utilities? The answer is that the 
per capita tax burden has grown 359 percent since 1913 and 
39 percent since 1926 and today the tax burden per house- 
hold is eighteen times as large as the bill for electricity. So 
not only has the Government done a relatively poor job on 
economy but it is eighteen times as heavy a burden on the 
people. A 51% percent reduction in the tax burden would 
make the same saving to the people as getting all household 
electricity free. 

It is interesting to consider the ways and means that have 
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Analysed 


been used by the utilities to show this reduction of nearly 
one-half in average household rates while the cost of living 
was going up 43 percent. 

To the average man on the street this might seem to have 
been accomplished by greater economy in the manufacture 
of electricity, for great strides have been made in that direc- 
tion. Since 1913 the average number of pounds of coal required 
to produce a kilowatt hour has been cut 63 percent, or, to 
put it another way, a pound of coal will produce 2.88 times as 
many kilowatt hours as before the War. Optimum perform- 
ances by the largest stations are of course much better than 
the average. These manufacturing economies have, however, 
affected principally the wholesale rates for large industrial 
power. What has cut average residence rates in two and 
should continue cuts in average rates in the future has been 
the greater individual consumption of electricity in the home. 

For the first forty years of the history of the electric indus- 
try most of the electricity used in homes was for lighting. 
True, the electric fan and the electric flatiron are devices of 
long standing, but even as late as 1922, 85 percent of the 
electricity used in the household was for lighting. This meant 
that, except for the relatively small part of the twenty-four 
hours when light was needed, the investment in residence 
distribution stood practically idle. Today the situation is 
nearly reversed, two-thirds of the household electricity being 
now consumed in other things than lighting, so that while the 
average citizen still talks about his “electric light bill,’’ only 
about one-third of the electricity so paid for is used for 
illumination. During the period just ended in which household 
electric energy consumption grew over 100 percent, the 
average household bill grew less than 30 percent. 

The average amount of electricity used for home lighting is 
about the same today as it was many years ago, so that the 
great growth in the use of electricity in the home has come 
from refrigerators, electric ranges, radios, etc. In considering 
these fundamental changes in the use of electricity in the 
home, it will be illuminating to consider some facts about the 
electric companies probably not realized by most citizens. 

If one were asked to give his conception of the electric plant 
investment of the country, I think it would doubtless be prin- 
cipally in terms of the huge power stations. In the very early 
days of the business that was somewhat the case, but the 
economies in manufacture of electricity which have come 
from making it in large quantities in great generating stations, 
have produced a largely offsetting investment in distribution 
— using that term not in the restricted, but in its broadest 
sense of carrying electricity from the generator to the ultimate 
consumer. In the great eight years ending with 1930, some- 
times called the “boom period,” there was a tremendous flow 
of capital into the electric utilities. Over one-half of the total 
capital now in the business was raised in those years. They 
represented fairly modern practice in electric construction. 
They show that the plant investment required to get elec- 
tricity to the customer is twice or more as large as the invest- 
ment required to generate it. When to this basic condition we 
add that only three-eighths of electric expenditures are for 
labor, fuel, materials, etc. for operating and maintaining the 
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property, and five-eighths for taxes, depreciation and return 
on investment, it becomes clear that the more we can use our 
plant, the more units we have into which to divide our fixed 
costs, and hence the lower they can be made per unit sold. 

If we go further still in the breakdown of our expenditures 
we find that many of our operating expenses themselves are 
largely independent of the use of the product, so that probably 
over 75 percent of our expenditures are of a nature whose 
unit cost depends upon how much our plant is used. 

Much thought and study have been given to the problem of 
how to cut down the cost of distribution from power plant to 
consumer but with the large central stations of the last two 
decades the proportion of plant required to distribute elec- 
tricity has gone up rather than down. The only way, there- 
fore, to work effectively to cut distribution costs is to make 
them lower per unit by greater use — i.e. longer daily hours 
use of the distribution system. 

Recognizing these factors, the electric companies in recent 
years have introduced so-called “inducement rates” for resi- 
dence service. These provide a top rate for a small number of 
units per month with successively lower rates for each addi- 
tional block of energy. Their effect has been to make econom- 
ically attractive rates for the electricity required for refrigera- 
tion, cooking, and even heating water. 

Such a schedule of rates once established tends to produce 
continuous reductions in average rates month after month 
and year after year, due to the gradual spread of use of major 
appliances in the home. It was noted many years ago by 
Steinmetz that electricity was expensive because so little 
was used, and little was used because it was so expensive. 
The inducement rate has cut this vicious circle by making 
electricity cheaper per unit with greater use and from that 
point onward the circle has changed from a vicious to a bene- 
ficent one, from a depressant to a stimulant. 

This increase in use has had another beneficial effect in the 
lowering of the retail price of the electrical equipment needed to 
utilize the electric energy. Last 
year 2,000,000 electrical refriger- 
ators were sold in this country, a 
production nearly akin to the 
automobile business in number, 
which has naturally brought to 
the household the benefits of mass 
production. The electric industry 
is not relaxing but redoubling its 
efforts in the sale of household 
electrical equipment in order 
thereby to continue not only the 
process of reduction in unit rates 
for the home but to spread to 
ever-widening circles the benefits 
of the “tireless servant” of man. 

The Government proposed a 
few years ago to set up publicly- 
owned and operated plants which 
should serve as yardsticks for the 
propriety of the electric rates 
charged by private companies and 
the Tennessee Valley Authority 
was the result. The TVA to date, 
in both its wholesale and retail 
activities, is so shot full of hidden 

subsidies that the results could 
not possibly serve as a fair yard- 
stick. Through its last annual 
report, the TVA has charged 
against electricity in its con- 
struction program about one- 
tenth as much as the true in- 
crement in cost due to electric 
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power alone, over and above that required for the ostensible 
purpose of flood control and navigation. How this distorts 
the ‘‘yardstick’’ may be appraised from considering the fact 
that fixed charges on the investment comprise about 85 per- 
cent of the cost of producing hydroelectricity. 

On the retail end of TVA, where the “yardstick” was sup- 
posed to be an accurate measure of household rates, the oper- 
ating costs exclusive of power for the small towns, where such 
phenomenally low residence rates have been established by 
TVA, can be shown to be about 70 percent Government 
subsidy, compared to what private companies of similar size 
have to pay to carry their costs; so the TVA yardstick is 
less than a foot long. 

So much on the subject of household rates. Let me in closing 
make some comments on the public utility holding company 
which has been so roundly abused by the Government in re- 
cent years. 

There is no question that abuses arose in connection with 
holding companies during the boom period but they were far 
from universal and have all now been regulated by legislation. 
In the meantime, the great, valuable and essential services 
they have performed in financing and in economical operation 
have been overlooked. Perhaps the most striking character- 
istic which differentiates electric utilities from other forms of 
enterprise is the high ratio of capital investment to gross 
earnings. The electric utilities require eight times as much 
capital per dollar of annual gross revenue as the average 
industrial enterprise. With the constant and rapid growth of 
the electric business, the matter of raising new capital has 
therefore been a never-ending problem of great magnitude. 
In the eight years ending with 1930, six and two-thirds billion 
dollars of new cash capital was invested in the electric proper- 
ties of the country. 

Many people think this raising of capital is merely a matter 
of selling bonds and point to the excellent credit standing 
(Continued on page 21) 
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THE POLAR AURORAE 


— Several Hypotheses 


By ROY D. HAWORTH, JR., °39 


Massachusetts Institute of Technology 


OMPARABLE only to the glory of a far-flung, multi- 
colored sunset, the aurora borealis, because of its 
sudden appearance, rapid movement, infinitely 
varied form, and superb coloring, has commanded 

the awe and admiration of men for centuries. It is as elusive 
and intangible as it is beautiful, and consequently has spurred 
scientific men for ages to describe its innumerable varied 
forms and to originate theories and hypotheses to account for 
its existence. 

Since, like fingerprints, no two displays are exactly similar, 
the aurora borealis is difficult to describe. The best manner, 
therefore, of delineating this phenomenon is to place auroras 
which are somewhat alike in the same group and, then present 
the general characteristics of the group. 

The most common occurrence of the aurora borealis is in 
the form of faint, ill-defined lights which sometimes cover the 
entire heavens, but more frequently cover only a small part. 
Often their brilliancy is not greater than that of the Milky 
Way, and then they resemble a white veil thrown upon the 
sky. Because of their faintness, many probably pass unob- 
served because they are masked by a stronger light such as 
that of the moon or the reflected illumination of large towns 
and cities, or because they are taken for the last rays of sunset 
or the first of dawn. 

Occasionally the aurora so closely imitates billowing 
clouds of smoke that it is taken for the burning of a distant 
city. Historically this effect is famous, for it caused the cohorts 
of Tiberius in the first ecntury of the Christian Era to hurry 
to the aid of the colony of Ostia which they thought to be 
afire. The color is generally a yellowish or greenish-white, 
or more rarely a beautiful rose. 

Semblance between some auroras and cirrus clouds is so 
close that it is exceedingly difficult to distinguish them from 
true clouds made visible by reflection. 


Illustrations courles Vv The Sky 


Another class of auroras consists of clearly defined arcs of 
uniform brilliance whose extremities touch the horizon. The 
summits of the arcs barely exceed a height of thirty degrees 
above the horizon; so that their centers remain well below the 
horizon; the arcs are neailv completely motionless and often 
retain relative positions for hours and even for days. Some- 
times the arcs, instead of being circular, are distinctly ellipti- 
cal; sometimes instead of a single arc, there are two or more 
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Auroral arc and curtain 
above, and glare in the 
East. July 5, 1902, O30" 
A.M. National Antarctic 
Expedition, Royal Society, 
London, 1908. 


Aurora Australis. 


Auroral curtain seen in 
north, July 5, 1902, 
1 A.M. - 2 A.M. Na- 
tional Antarctic Expe- 
dition, Royal Society, 
London, 1908. 
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Aurora Australis. 


Double auroral arc with 
verticle rays in upper 
arc. August 29, 1902, 
2 A.M. National Antarc- 
tic Expedition, Royal 
Society, London, 1908. 





























perfectly concentric arcs. White tinged with yellow is the 
common color of this type of aurora. 

In direct contrast to the stability of the preceding group is 
a group of arcs of vacillating brilliancy and irregular border 
from which arcs of rays shoot upward intermittently. The 
lower edge of the arc exhibits indentations or waves. They vary 
incessantly; sometimes they appear to melt away at one 
end; often they vanish completely to reappear the next 
moment; at times the height of the arc remains the same while 
the feet move in opposite directions as if the whole arc turned 
around a vertical line from east to west or from west to east. 
This apparently lengthwise movement of the arc is explained, 
not as a real movement of the arc, but as a successive lighting 
up of its different parts which remain motionless or nearly so. 
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A ray, at first faintly luminous, suddenly becomes very 


brilliant for a brief instant and returns to its former state 


while the next ray brightens in its turn, and so on from one 
to another. It is clear that if the successive illumination of the 
different rays takes place with great rapidity, the eye cannot 
distinguish whether the arc moves as a whole or whether a 
sort of luminous wave passes from one end of the arc to the 
other. A type of neon light used in advertising signs, the differ- 
ent parts of which light up successively, provides a simple 
analogy. 

Isolated rays which seem to converge upon a point in the 
sky constitute the most variable kind of aurora. Often the 
auroral ray lengthens rapidly toward the zenith, or, more 
frequently, toward the horizon; sometimes without altering 
in length, the ray rises and falls alternately. When the rays 
exist in all directions around a point in the heaven, the result 
is a rude figure of a crown or glory with rays; therefore, the 
name boreal crown or corona borealis is applied to this par- 
ticular form of the aurora. At certain moments the rays which 
compose the crown enter into rapid movement, become very 
brilliant, and take on, instead of the yellowish-white color 
which is common to them, vivid tints of red, yellow, and green 

the red toward the lower part of the ray, the green toward 
the summit and separated from the red by a bright yellow. 
The crown then offers one of the finest manifestations of the 
aurora borealis. 

Auroras which resemble fluttering, windblown draperies 
consist of parallel, closely proximated, undulating rays. The 
lower part, along the outlined edge, is a brilliant rose carmine, 
sometimes tinged with violet; this passes into a yellowish 
white which generally occupies a great part of the aurora. 
Above, where the light becomes fainter, a bluish or greenish 
tint appears. These colors added to the ceaseless undulatory 
movement which stirs the aurora, indicate the splendor 
which this phenomenon may attain. 

Words cannot capture the beauty of the aurora borealis 
they can only indicate it. The various shapes and colors of the 
aurora which have been observed would fill many large vol- 
umes. It is certainly the hardest phenomenon to describe; to 
explain it is more difficult. 

Physicists almost unanimously agree that auroral light is 
caused by electrical discharges upon rarefied air. Short bright 

(Continued on page 24) 
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EDITORIALS 


SUPREME COURT 


N his recent message to Congress the President has re- 
quested that body to make far-reaching reforms in the 


judiciary system of the Federal Government. That the 


President made no mention of this plan in his campaign 
affords ground for thought. It is strange that he did not 
mention the plan for it must have been in his mind even then 

to judge by the letter of the Attorney General and the 
draft of the proposed bill, both of which show much careful 
planning. Does this mean that even he, who has so often asked 
for and received almost dictatorial powers, was afraid that 
this might be construed as an open bid for the last thing 
which he would need to set up a one-man rule in the United 
States? 

The President said in his inaugural address that he could 
accomplish the reforms he was contemplating within the 
framework of the Constitution. Yet in this message he says: 
“If these measures achieve their aim, we may be relieved of 
the necessity of considering any fundamental changes in the 
powers of the courts of the Constitution of our govenment 
changes which involve consequences so far-reaching as to 
cause uncertainity as to the wisdom of such a course.” 

It would seem that these two statements are contradictory ; 
that the President was prevaricating in his inaugural address. 
If this was not so, he must have had a better reason for chang- 
ing his mind than the mere speeding up of the judicial proc- 
esses and the relief of ‘physical and mental strain’ upon 
those judges who are over seventy, which could have been 
accomplished without the elaborate mechanism which he 
proposes. This consideration for the older judges seems to be 
only a kid glove which is being used to hold a rod of steel. 

That many of his recommendations about the lower courts 
are sound is undeniable. The present conflicts of decisions 
by the lower benches have indeed, “‘brought the law, the 
courts, indeed the entire administration of justice dangerously 
near to disrepute.”’ The institution of a system of direct appeal 
to the Supreme Court would eliminate conflicting decisions on 
the constitutionaliiy of legislation. With the decision of the 
Supreme Court on which to base their rulings, the judges of 
the lower courts can again hope to have some rational and 
legal basis for their treatment of cases. 

The President has historical bases for his recommenda- 
tions concerning the Supreme Court. Every radical change in 
the policy of the government which has been opposed by the 
Supreme Court has brought about an attempt to change the 
complexion of that body so that it will no longer oppose the 
administration. In some cases these changes have been made, 
in others they have not. The inclusion of six additional judges 
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in the Supreme Court would give the administration a chance 
to pick men who would see through colored glasses on the 
matter of New Deal legislation and vote with those present 
members of the Court who favor the New Deal. In short, the 
President would be able to pack the Court. 

It is hardly possible that the addition of these six new men 
to our Supreme Court would speed up the handling of cases. 
The importance of the decisions made by it would preclude 
any hasty hearing of evidence. The decisions of the Supreme 
Court are the final authority on all legal questions in the 
United States, and the importance of these decisions should 
not be underestimated. 

It may well be that the President is making a bid for dic- 
tatorial powers; it may be that he honestly believes that the 
judicial branch will be benefited by the changes he recom- 
mends. In either case the changes are of such fundamental 
importance and will set such an important precedent that 
Congress should proceed cautiously in enacting any laws. 


RADIO AND ADVERTISING 


T wasn’t so very many years ago that newspapers and 

magazines were subjected to a great deal of criticism 
because they printed misleading advertising, mainly of “quack” 
drug manufacturers. At the present time this evil has been 
almost entirely eliminated in the reputable daily press and 
persists, among publications, only in the cheaper class of 
magazine, whose circulation is relatively small. However, 
another medium, and one commanding a much greater 
audience than the printing press, not only does not bar such 
advertising, but apparently even solicits it. This medium is 
the radio. Those men who are alive and who have spent their 
lives in solving the technical difficulties of wireless telephony 
must turn a deep shade of scarlet, and those radio pioneers 
who are dead must perform many gyrations in their graves, 
when they hear their scientific marvel being employed by 
some ‘“‘quack”’ to exploit his “super radio-activated oxygen’”’ 
which, according to the smooth-voiced announcer, will abso- 
lutely cure anything from athlete’s foot to falling hair. 
Judging from the advertising drool which is being radiated 
from some American broadcasting antennae, radio station 
owners care not one bit about whether the products being 
advertised are what their manufacturers purport them to be. 
Nor, apparently, do they care whether or not the listener is 
being mulcted of his money because of this misleading adver- 
tising. And yet, radio stations hold licenses only for so long as 
they continue to operate “for the public good.” In view of 
this, the reason for the continuance of the operation of many 
stations constitutes one of the major mysteries of the times. 


SUPER-DREADNAUGHTS 


MMEDIATELY after midnight of December 31 of last 

year, the time of the expiration of the Naval Limitations 
Treaty of 1930, the sea powers of the world commenced a 
huge cut-throat naval race for ultimate superiority on the 
seas. Not to be outdone, the United States was not slow to 
enter the competition with an appropriation from Congress 
of one hundred million dollars for two new super-dread- 
naughts. 

One hundred million dollars is no trifling sum of money. 
With it one could consummate the “Louisianna Purchase,” 
buy Alaska from Russia, and still have enough left to pur- 
chase nearly one-third of the buildings in Rockefeller Center 
in New York City. 
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That such a tremendous amount of money must necessarily 
be spent for only two battleships seems ridiculous, but this 
fact is never-the-less true. A battleship is nothing less than a 
floating fortress with the necessarily large number of addi- 
tional conveniences needed to shelter and feed almost two 
thousand men. Although the first class materials which must 
be used in the construction of a warship are costly, the major 
expense is for labor, which absorbs eighty-five percent of the 
total cost. 

It is apparent that there is sufficient reason to argue that a 
battleship is not nearly worth its high price when one realizes 
that for the same price it is possible to build more than a 
dozen bombing planes, each capable of accurately dropping a 
bomb weighing a ton. The naval experts argue that there is no 
danger of an airplane sinking a battleship—first, because the 
plane would not be allowed to get in a position to do so, and 
second, the ship is adequately protected against bombs by its 
eighteen inch shell of specially processed armorplate. 

However the argument is decided in the end, the United 
States Navy is maintaining its policy whereby the battleship 
is the backbone of the naval warfare system. It is true to a 
certain extent that a battleship can “‘take it,” and it certainly 
can “‘give it,’ but the question of the superiority of aircraft 
will be settled by time alone. 


ANNOUNCEMENT 


The Managing Board takes pleasure in announcing the 
election of James B. Hess, '38 to the position of Editor-in- 
Chief. Mr. Hess succeeds Mr. Kemp, °38, in this position, 
We appreciate Mr. Kemp’s services and wish Mr. Hess the 
best of luck wiht this volume. 








































ENGINEERING DIGEST 


BIRTH OF A FENDER 


NGINEERING technique has enabled the new 1937 

Buick fenders to be drawn in one continuous piece, rather 
than in the previous two or more sections that were welded 
together. In addition to drawing in one piece, a unique 
machine line contains as many as four operations in a single 
mammoth press, one of which is shown on this page. The 
advantages of four dies in one press are considerable. The 
floor space is less than that required for four small presses; 
there is less handling of the fifty-five pound parts; from the 
latter there is consequently less opportunity for scratching 
and denting; finally, the entire series of presses keeps in step 
with the first operation and thus eliminates stacking of the 
unfinished fenders. 

The stretching of the fender is considerable. A ninety-two 
and one-half inch long blank, when sent through the opera- 
tions required to draw a front fender, was found to stretch 
eleven percent. The greatest stretching occurred at the rear of 
this fender, where there was an increase of forty-one percent 
in length and twenty-eight percent in width. 

The first draw takes place in a press with an eight by eleven 


foot bed, after which there follows a series of multiple die 
operations. The next two operations, numbers five and six, 
occur in a single press using two dies. The former rough trims 
and restrikes the rear end, while the latter cuts scrap at the 
front end of the hood sill. Operations seven and eight are 
handled on a large single press similar to the one used for the 
first draw. One die trims and redraws the nose end, and the 
other finishes that action. 

The picture on this page shows conditions typical of mul- 
tiple dies in a single action press. Operation number nine is 
shown at the left, a rough trim on the nose end. This done, the 
fender is turned end to end and operation number ten (two 
men at right) finish trims, and flanges the running board end. 
The fender is then skidded on a table to the rear of the press, 
where operation number eleven finish trims, and flanges the 
hood sill in a long, narrow die(just seen above the workman’s 
white cap.) Operation number twelve (hidden at the rear 
of the left end) is to finish trim, and flange the nose end 
and bumper hole. While these operations have been described 
by routing a single fender around the press, it should be 
understood that all the dies are full at each stroke of the 
press. > 

The final operations are 
completed on small presses. In 
the thirteenth step of making 
the fender, the outside of the 
fender is finish trimmed, and 
flanged; the following opera- 
tion trims and flanges the 
radiator connection; and the 
last step is to pierce two holes. 

At the end of this series, 
which covers the principle press 
operations in the forming and 
finishing of this streamlined 
part, the fender is degreased 
by washing and dried by gas. 
Before going to the paint shop 
twelve more operations occur. 
These include hammering out 
of minor wrinkles, welding of 
small cracks at the trimmed 
edges, and hand filing and 
grinding of roughened areas. 

If the dies used in these 
operations were made of ordi- 
nary cast iron, their weight 
would exceed the limit of the 
fifteen ton crane and craneway 
used to support them. The thin 
webs and bases that can be 
seen on the dies are made 
possible by the use of a nickel 
cast iron that is practically 
indestructable. 

Metal Progress. 
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HIGH SPEED TOOLS 


EVELOPMENT of the modern cutting tool to its present 

efficiency is due largely to the interaction of two factors: 

(a) improvement in the design, material, and heat treatment 

of cutting tools and (b) improvement in the design of machine 
tools. 

This improved efficiency of metal cutting machinery has 

been closely related to the development of the material from 


which the tool is made and its heat treatment. The story of 


the development of air hardening steel by Mushet has been 
frequently told. It is worth repeating that American steel 
mills added chromium to Mushet’s steel to replace some of its 
manganese and to decrease its red shortness. The late Dr. 
Mathews was responsible for the vanadium addition, and in 
1906 the present type of tungsten-chromium-vanadium high 
speed steel was placed on the market. There have been modi- 
fications in its analysis, but when the average layman speaks 
of high speed steel, he refers to the eighteen percent tungsten, 
four percent chromium, one percent vanadium type commonly 
known as 18-4-1. This steel has served industry well in all 
classes of tools and has been generally accepted as a standard 
tool material, its performance being used to judge the effi- 
ciency of other types of high speed steel which have been 
developed since its advent. 

Considering standard high speed steel now readily avail- 
able, we find several factors which have mutually aided in 
improving its cutting properties over the same types available 
one or two decades ago. They are: 

1. Chemistry 

2. Mill practice 
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3. Hardening and tempering practice and heat treatment 
equipment. 

There has been a gradual change in the chemical com- 
position in that the carbon content has been increased ten 
points to its present range of 0.65 to 0.75 percent and the 
vanadium content in now from 1.00 to 1.20 percent (approxi- 
mately 0.20 percent higher than it was fifteen years ago). 

With the change in chemistry, we also find that the mills 
have found ways and means of improving their melting tech- 
nique and mill practice so that our 1937 high speed steel 
shows a better structural refinement and is physically stronger 
to withstand impact loading. 

Simultaneous with this advance on the part of the steel 
makers there has been a decided improvement in hardening 
room equipment—hardening furnaces, tempering furnaces, 
and temperature control instruments. The above-mentioned 
change in chemistry had its effect on the optimum heat treat- 
ment for toolsteel (1937 quality) in that the extremely high 
hardening temperatures required to obtain full hardness in 
the steels of fifteen years ago are no longer needed. With the 
lower quenching temperature used today, we obtain a finer 
grained, tougher steel with equal or higher Rockwell hard- 
ness, all of which tends to produce a better cutting tool. 

In view of the above remark, it is apparent that high speed 
steel should be purchased on both chemical and physical 
specifications to insure uniformity of material; likewise that 
standardized heat treatments should be established for 
hardening the tools made therefrom. The result of putting 
this program into effect has produced better and more uni- 
form tools for industry. 

Metal Progress. 
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RESEARCH 


IN REVIEW 





COURSE Ill 


HE general Research Program in the Division of Physical 

Metallurgy is much the same as that previously reported. 
Professor J. T. Norton is continuing his studies of the X-ray 
diffraction of alloys as this method is applied to the problem 
of Age-Hardening and to the effect of mechanical strain. 
Another means of arriving at information of the same sort 
which has had little application up to the present time is a 
study of the “damping capacity” of alloys as dependent on 
their internal structure. An instrument has been developed in 
which the alloy specimen is put in free torsional oscillation 
and its damping photographically recorded. The systems 
Copper-Beryllium, Copper-Chromium, Duralumin and K- 
Monel are being studied and it is expected that significant 
results will be obtained both with regard to the initial period 
of hardening and the final state. 

Professor Bitter is continuing his work on the application of 
magnetic forces to metallurgical problems. An apparatus has 
been developed for the purpose of measuring grain orientation 
and for making an analysis of the internal strains in rolled 
sheets of ferro magnetic materials. This instrument will be 
used in the study of directional properties of a wide variety of 
alloys as functions of their mechanical and thermal treat- 
ments. A large magnet with fields of the order of 100,000 
gauss is under construction and will be used for an investiga- 
tion of the properties of metals and alloys at very low tem- 
peratures with the co-operation of Professor Keyes of the 
Department of Chemistry. 

Mr. D. M. Butler is studying the recovery and recrystalli- 
zation of cold worked iron as affected by alloy additions and 
temperature changes. The factors involved are changes in 
hardness, microstructure, electrical resistance and the effect 
on the X-ray diffraction pattern. 

Several interesting problems in the field of Petroleum 
Production are in progress under the general direction of 
Professor Mann. A matter of vital importance is the trans- 
portation of natural gas in pipe lines especially as it concerns 
the reduction of the water content of the gas. The usual 
method of dehydration is by freezing, but the introduction of 
gaseous ammonia has also been tried. Both methods are to be 
studied as well as the incidental corrosion problem which is 
usually associated with dehydration. Mr. M. C. Leverett is 
carrying out an economic and statistical study of the subject 
of Subsurface Sampling, a relatively new development in the 
Petroleum Industry. This is being considered from the view- 
point of the conversion of test data into information of econo- 
mic value. The technique of taking subsurface samples is being 
considered as well as the possible applications of the resulting 
information. Recently growing importance has been attached 
to the fact that in certain oil fields water is found to occur in 
sands which had been regarded as completely saturated with 
oil. An investigation is in progress to determine how this water 
affects the mechanism of oil flow through permeable sands. 


Physical Metallurgy 


Ceramics 


COURSE Ill 


HE engineer has always been interested in the ability of 

fire bricks to carry a load at high temperatures. The usual 
test up to this time has consisted in heating a brick under a 
compression load and measuring its deformation in the few 
hours of the test. It has been felt that a short time test does 
not give sufficient data on which to design structures, and, 
therefore, a new type of test has been developed here similar 
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in principle to the creep tests for steel. That is, the brick is 
subjected to a definite load and held at constant temperature 
for a period of about two weeks, and the curve of deformation 
is determined continuously. This test has shown that a brick 
may deform very rapidly during the first few days, but that 
after this the rate will be much lower and will reach a constant 
value which may be used for design. The furnace used for this 
test is heated by Globar units, and the temperature is con- 
trolled by a radiation pyrometer which operates a sensitive 
reflecting galvanometer, and this in turn operates a photo 
electric switch which increases or decreases the current supply 
to the furnace. In this way we are able to hold high tempera- 
tures with a fluctuation of only a few degrees for long periods 
of time. 

Under a second grant from the Penrose Fund of the Geolog- 
ical Society of America, work is being continued on the 
artificial weathering of feldspars to form clay minerals. Five 
new constant temperature furnaces have been constructed for 
this purpose, and tests will soon be got under way to determine 
quantitatively the rate of weathering of various types of 
feldspar. This work is carried out in a high pressure chamber 
with water and carbon dioxide. The chamber is so constructed 
that there is a continuous percolation of the water through the 
ground feldspar contained in a porous cup, so that the end 
products of the reaction are continuously carried away. 

A study is being made of the coefficient of expansion of 
whiteware bodies in glazes, in order to give us more complete 
information on the cause and remedy for crazing, which is the 
cracking of the glazes, due to tension strains. A new type of 
furnace has been constructed for this work. 

Under a grant from the Joint High Temperature Com- 
mittee, of the ASTM and ASME, apparatus is being con- 
structed to measure the creep strength of 4” steel tubes under 
internal pressure. The tests are being run from temperatures 
of 850° Fahrenheit, to 1200° Fahrenheit, and the pressures 
from 3000 pounds to 10,000 pounds per square inch. It is 
hoped that this work will give us better design data for com- 
puting the creep of high temperature pressure vessels. 


COURSE V 


ITH the opening of the fall semester of 1936-1937, 
the Institute began to sponsor a new series of 
researches designed to further the understanding of the 
chemical nature of cellulose. To this end Dr. C. B. Purves, 
who held a Research Associateship in the National Institute 
of Health of the U. S. Public Health Service in Washington, 
D. C., was brought to Technology to undertake the organiza- 
tion of such studies. 

The January, 1927, issue of the Journal of the American 
Chemical Society contains an account of some of Dr. Purves’ 
work completed just before he arrived in Cambridge. The 
paper, written jointly with Dr. C. S. Hudson, formerly a 
member of the Chemistry Department of the Institute, deals 
with some new derivatives, especially crystalline derivatives, 
of fructose or fruit sugar, a carbohydrate familiar to every 
one on account of its presence in honey. It is also a constituent 
of ordinary cane sugar, accounting for half of the molecule 
of that compound,and it is about twice as sweet as cane sugar. 

The development of the chemistry of fructose has been 
greatly hindered by the difficulty in obtaining pure compounds 
from the products of the action of chemical agents on it. The 
authors, Purves and Hudson, point out that the pure crystal- 
line gamma-methylfructoside (later shown to be correctly 
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characterized as alpha-methylfructofuranoside) which they 
obtained in 1934, was an important event in sugar chemistry, 
furnishing, as it did, a new starting point for chemical studies 
on fructose. 

Using this furanoside as the basis for new studies, the 
authors were able to prepare and characterize, among several 
compounds, a liquid dimethyl derivative of fructose and a 
liquid tetramethyl alpha-methylfructofuranoside. Perhaps 
the most valuable new compound obtained in this research 
was a crystalline tetra acetate, melting sharply at 48-48.5 
degrees Centigrade. This derivative of alpha-methylfructo- 
furanoside was prepared also, directly from cane sugar. It 
crystallized either in fine needles or in well-defined prisms and 
showed a strong specific dextrarotation. It may serve as an 
important point of departure for further researches. 

In the course of their work, Purves and Hudson observed 
the formation of a very interesting type of unstable complex, 
new in sugar chemistry. The complex was ill-defined and 
decomposed almost as soon as it was formed but it was a 
definite example of the type of transitory compounds whose 
existence has been inferred as intermediates in certain trans- 
formations shown by other sugar derivatives. This unstable 
complex was seen to form momentarily as a white, gelatinous 
carbohydrate-hydrogen chloride addition compound, when 
equimolecular weights of alpha-methylfructofuranoside and 
dry hydrogen chloride were mixed in concentrated solution 
in anhydrous dioxane. The complex soon lost its whiteness, 
darkened, and turned to a tar, but its brief and definite exist- 
ence was a pleasing discovery. 


COURSE VIII 


ITH iron and steel as the binding medium, physicist, 

chemist, and metallurgist met jointly in Cambridge on 
January 28, 29, 30. The occasion was a Symposium of metals 
held under the auspices of the American Institute of Physics 
and the Massachusetts Institute of Technology. 

Professor John C. Slater, head of the Department of Physics 
at M. I. T., started off the meeting with an admirably pre- 
sented paper on the “Electronic Structure of Metals.” 
Without the bugaboo of mathematical formulae he was able 
to show the modern quantum theoretical picture of a metal, 
how the properties of ferrous metals and alloys may be 
interpreted by the electron theory, and how such theories bid 
fair to be as useful a tool to the metallurgist of this genera- 
tion as thermodynamics was to the last. 

Another paper which engendered much discussion was that 
of Professor John Wulff who showed that all the tools of a 
technical and theoretical nature, whether they be physical or 
chemical, needed to and could be employed to study that 
bugbear of corrosion phenomena called pitting. He described 
the prevalence of pitting in the so-called passive or rustless 
alloys of the present day. 

Professor P. W. Bridgman, of Harvard University, talked 
about his latest results on the flow of metals under high 
pressures and Dr. A. Nadai, consulting mechanical engineer of 
the Westinghouse Electric and Manufacturing Company, 
discussed creep phenomena at high temperatures. The latter 
paper, though of a more mathematical nature, engendered 
much discussion, for it is one of the least understood of present 
day phenomena in regard to steel. 

Friday afternoon was devoted to a discussion of some com- 
monly used research tools as aids in the solution of problems 
in the fields of metals. All three papers—that of Professor 
G. R. Harrison, Director of Applied Physics at M. I. T. on 
“Possibilities and Limitations of Spectographic Analysis of 
Ferrous Materials; that of Professor John T. Norton, Asso- 
ciate Professor of Physical Metallurgy, of M. I. T., on “The 
Use and Limitation of X-Ray Diffraction,” and that of Dr. 
C. J. Davisson, Research Physicist of the Bell Telephone 
Laboratories, Incorporated, on ‘““What Electrons Can Tell Us 
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About Metals,” were enthusiastically received, for though 
specialists, each emphasized the limitations as well as the 
advantages of spectroscopic, X-ray diffraction and electron 
diffraction studies respectively. 

The hundred guests who assembled at a dinner that even- 
ing in the Copley Plaza in Boston enjoyed the talks of Presi- 
dent Compton, and Professor Albert Sauveur, of Harvard 
University. The speech of the former in a humorous and 
philosophical vein made every one feel the necessity for 
kinship in the various sciences and in education. Dr. Sauveur, 
the Dean of American Metallographists and Professor 
Emeritus at Harvard, talked wittily and eloquently of the 
historical development of metallography. Professor George B. 
Waterhouse, eminent metallurgist, vice-president of the 
Society of Metals, and professor at the Institute, made speaker 
and audience enjoy the pleasant informality of the occasion. 

The last day of the session had such eminent speakers from 
industry on the list as Dr. Zay Jeffries, Technical Director, 
Incandescent Lamp Department, General Electric Company; 
Dr. A. B. Kinzel, Chief Metallurgist, Union Carbide and 
Carbon Research Laboratories, Incorporated; Dr. S. L. Hoyt, 
Director Metallurgical Research, A. O. Smith Company, and 
Dr. Edgar C. Bain, Assistant to Vice-President, United 
States Steel Corporation. 

Dr. Kinzel’s paper, in which the role of internal stresses or 
more precisely hoop stresses about non-ferritic: inclusion in 
steel, engendered a number of interesting reactions in the dis- 
cussion. Dr. Bain’s ably presented paper dwealt mostly on the 
metallography of steel. His admirable delivery and excellent 
slides helped to close the meeting with a feeling which per- 
meated the audience of two and one-half days of solid and 
valuable fare. 

Some of those who remained visited various researches 
going on at the Institute and at the Watertown Arsenal. 


COSMIC RAY RESEARCH 


ITUATED on the peak of Mount Evans in Colorado, at 

an altitude of 14,265 feet, a copper-sheathed laboratory 
constructed jointly by the University of Denver and Tech- 
nology will shortly be the scene of important research in at 
least three fields, it was stated by the TecHNoLocy Review 
in their current issue. The unusual conditions encountered 
here permit not only meteorological investigation, but also 
cosmic-ray research and a study of the effects of high alti- 
tudes upon human beings from a biological and physiological 
standpoint. 

The site was first used by Professor Ralph D. Bennett of 
the Department of Electrical Engineering, when, in 1935, 
together with a staff of research assistants, he encamped there 
to study the degree of cosmic ray intensity. Apparently the 
results were satisfactory, for next year Dr. Arthur H. Comp- 
ton, with whom Professor Bennett has been co-operating, will 
bring one of the recently designed self-recording cosmic ray 
meters to Mount Evans. It is hoped that the mystery sur- 
rounding certain peculiarities of cosmic ray behavior will be 
eliminated in some measure with the aid of this instrument, 
others of which are being installed all over the world. Dr. 
Compton, in conjunction with Dr. Manuel S. Vallarta, of the 
Department of Physics, recently supervised the installation of 
one of the meters at an observatory in Mexico, and the 
Mount Evans meter will be another factcr in the international 
effort to discover the secret of the cosmic ray. 

The erection of the laboratory itself is of interest. Sections 
were constructed at Denver, and then were carried to the 
peak of Mount Evans, where they were assembled. Careful 
attention was paid to the problem of securing the laboratory 
buildings firmly to their foundations, for storms of great 
intensity are common at the peak. It has been constructed so 
that it may be utilized by other scientists, when possible, for 
the solution of their special problems. 
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AMATEUR RADIO 





(Continued from page 6) 


the further elaboration and amplification of the theory of air- 
mass bending of ultra high frequency waves, derived from 
amateur origins, is the most inspiring project. This is being 
performed by extensive further investigation into and record- 
ing of ultra high frequency performance over long indirect 
paths by propagation through the lower atmosphere. In 
terms of practical utility to the communications field in 
general, the most important current objective in this field is 
the development of simple methods of attaining high stability 

the all-important prerequisite of the high per-station space 
economy to which the amateur has learned to adapt himself, 
a respect in which he leads the entire radio world. 

In this vanguard of technical progress are a considerable 
number of amateurs, leaders in the fields in which they 
specialize. Together they are doing much toward writing the 
specifications of the radio of tomorrow—not amateur alone, 
but all kinds, for their developments are found applicable in 
many other fields. 

Why is the radio amateur—the non-professional dabbler, 
the “attic laboratorian,” often the direct antithesis of our 
generic figure of organized research—such a valuable asset to 
technical radio? This is an important question, and its 
answer is of vital significance to the institution of engineering 
science. In testimony before an engineering conference of the 
Federal Communications Commission last June, I endeavored 
to provide that answer as I viewed it. Quoting from that 
testimony: 

“The large number of amateurs, their scattered location 
over every portion of the nation and their diversification in 
talents, interests, abilities, and choice of operating frequencies 
have made of this group an invaluable aid to science. Let some- 
thing arise on which radio physicists need a large number of 
observations and almost instantly a very considerable group 
of skilled amateurs can be found who are interested in col- 
laborating. Thus amateurs many years ago assisted the 
National Bureau of Standards in a comprehensive investi- 
gation into the fading of radio signals, submitting many 
hundreds of charts in an organized series of tests run under 
the auspices of the Bureau. They have similarly participated 
in investigations into the effects of solar eclipses, in the 
Navy’s early investigation of the skip effect in high-frequency 
transmission and, more recently, in the peculiar periodic day- 
light fade-outs of high frequencies noticed by the National 
Bureau of Standards. It need scarcely be emphasized that 
there exists no other medium of comparable extent or facili- 
ties for the making of large-scale observations along these 
lines. With amateurs existing in more than one hundred 
countries of the earth, with stations in practically every 
village and hamlet in the United States, resources are made 
available to scientific investigators that could be commanded 
by no commercial agency or for that matter by any govern- 
ment on earth. Finally, in addition to being widely diversified 
and ubiquitous geographically, it may again be emphasized 
that amateurs are technically self-trained, making the results 
of their observations competent and valuable. 

“It may be well to emphasize here a not-too-thoroughly- 
appreciated angle on the amateur relationship with technical 
radio research. While it is generally conceded that the great 
numbers and diversification of amateurs make of them a 
uniquely-valuable adjunct to the basic field of advanced radio 
research, another important quality is not so generally 
recognized. This quality is the very freeness of spirit with 
which the amateur meets the problems he encounters in his 
peregrinations into the radio field. Great as are the attributes 
of modern organized laboratory research, it must neverthe- 


less be admitted that laboratory developments by highly 
trained technicians following routine research practices are 
often encumbered with ponderous fetishes, impressive and 
involved mathematics, and the conviction that results can be 
obtained only by following certain rigorous routines. Amateurs 
break down these fetishes, which often lead to a singleness of 
mind that excludes the correlative detail that is often most 
significant in appraising new phenomena. By the very fact of 
their limitations in formalized training and laboratory equip- 
ment and technique, and the need to secure results by simpler 
methods, they free the art from many ponderous super- 
stitions and often find the true answer to the problem which 
many are seeking. Many examples of this particular psychic 
or psychological phenomenon—call it what you will—exist, 
not only in radio but in allied fields of endeavor. The whole 
spirit of organized amateur radio trends toward this type of 
thought in technical matters, and it can safely be said that in 
no other field of endeavor has there been such free and un- 
trammelled experimentation, unhampered by traditional 
prejudices, as has resulted from the amateur tradition in the 
radio art. Its effects are encountered not only in purely 
amateur circles but in the engineering field whose personnel, 
being often of amateur extraction and frequently of current 
amateur interest, retain much of the amateur spirit. 

This thought can be developed somewhat further. America 
leads the world in radio technological research. Many reasons 
for this pre-eminence have been advanced. We submit the 
thesis that the fundamental and underlying cause is the basic 
spirit of amateur radio that pervades the entire radio art in 
this country. We are informed by members of the military 
that for their purposes an operator of amateur extraction is 
universally superior to one of any other origin; more, that he 
is especially better than, for instance, a former land-line 
telegraph operator. Analyzed, their reasons come down to the 
essential fact that the amateur is interested in the arl—every 
detail of it. Radio is, to him, not only a vocation but an 
avocation. This characteristic makes him ten times as valuable 
as the professional operator, whose mind is simply a machine 
for the transcription of code signals without spontaneous, 
voluntary, personal interest in his work. The same characteris- 
tic applies in every other branch of the radio art. The typical 
radio engineer who is an amateur, it is generally agreed, has 
the inquiring mind and unfettered viewpoint that lead him to 
try anything—and it’s a system that works. The chief en- 
gineer of one of the largest radio organizations in the country 
has stated informally that he reads two radio publications— 
the recognized engineering journal for facts, the amateur’s 


journal for ideas. Do we need any better insight than this into 


the minds of our radio engineers to appreciate the funda- 

mental importance of the amateur spirit in our professional 
8s Se ’ 

radio activities?” 
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UTILITY PROBLEMS 


(Continued from page 11) 


today of the high grade utility bonds. Bonds are saleable, 
however, only if they are secured by a large margin of invest- 
ment which someone else must put up. The bondholder is in 
fact a money lender and refuses to lend without a substantial 
equity margin. In the electric business, country-wide, the 
total investment is over twice the amount of the bonds and 
that ratio is fundamentally what makes them saleable and 
keeps their standing high. It can readily be seen, therefore, 
that the party who puts up the margin money is the real source 
of financial strength of the utilities. In the vast majority of 
the cities in this country that party has been the holding 
company, and it has had to be the holding company because 
no one else could be found who was able and willing to raise 
this equity money. In the six years ending 1930, when the 
total new money raised by the utilities was about five billion 
dollars, three billion of the total was represented by a dozen 
of the largest holding company systems. I have had this huge 
total analysed and found that one-third of the cash was 
raised by the holding companies alone through their own 
credit. Without this huge base of equity credit the job of 
financing could not have been done and the doubling of the 
electrical development during the boom period, with all that 
it meant to the consuming public, would have been impossible 
The other essential public service of the holding companies 
was and is the making available to every smallest community 
in their systems that expert advice and experience without 
which the electric service would be poorer in both quality and 
quantity and more expensive. This skill and experience is 
just as essential to the small property as to the large one, but 
without the spreading out of expense through the holding 
company the small place could not afford to pay for it. 
(Continued on page 23) 
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Such 


extreme versatility is achieved through exclusive Zeiss [kon 


. all these are within the scope of the Contax. 


constructional features ... choice of 14 interchangeable Zeiss 
lenses and numerous accessories 


Write for booklet. 


See the Contax at your dealers. 





CONTAX 





Repairs on all makes cameras and shutters — 24 hour service. 





Model Gasoline 
Airplanes 
COMPLETE KITS 
Red Zephyr, 6 ft. span 


ee erica, F TG WOME. ye ce vena 
FACTORY TESTED GASOLINE MOTORS 
seeee + aoe 





Brown, Jr., Approx. 1/5 h.p. complete. 
Forster, Approx. 1/3 h.p., complete 

Baby Cyclone, Approx. 1/6 h.p., complete 
Gwin Aero, Approx. 1/6 h.p., Kit form 
EXCLUSIVE: Bemo propellers for gasoline motors, 13” 
to 16”, $1.00 each. 

Examine these kits and motors at our Boston salesroom. 
Mail orders sent postpaid. 


Best Model Aircraft Company 


77 Summer Street, Boston, Mass. 
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New England Distributors 


SHELBY 


Seamless Steel Tubing 
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NATIONAL—SHELBY 


Seamless Steel Boiler Tubes 


Austine-idastings;Gp, Inc, 


226 Binney Street Cambridge, Mass. 


Telephone KIRkland 4480 

















POISON LORE 


(Continued from page 9) 


the active principle of Belladonna, resembles scarlet fever in 
its action on the system. A peeling of the skin is accompanied 
by a dry sore throat, a vivid rash on the skin, a quickened 
pulse, and a high temperature. A large fatal dose of arsenic 
mimics cholera, phosphorus simulates jaundice, strychnine 
apes tetanus, and so on down the list. 

Madness has been caused by lead. Mercuric methide, an 
artificial poison, produced a terrible form of brain disease in 
two chemists engaged day after day in its manufacture. Both 
died after a period of idiocy brought on by their breathing the 
vapors of the chemical. 

Still other poisons which cause insanity or idiocy, either 
permanent or temporary, are the Dhatoora of the Hindus 
and Henbane. The former, identical with Belladonna, has 
been used in Indian history to cause imbecility in persons 
of high rank whose integrity was considered dangerous by 
the despot in power. A small dose of it usually generates 
only a temporary insanity; in one case a tailor, after a 
weak dose, sat for four hours moving his hands and arms 
as if sewing, and his lips as if talking, but without uttering 
a word. To match this we have the tale of the monks of an 
ancient cloister who, through an error, all partook of 
Henbane root. In the night all were taken with hallucina- 
tions, the pious convent becoming like a madhouse. Al] 
inhibitions were forgotten; one monk sounded the matins, 
whereupon others came into chapel and opened their 
books, but discovered that they could not read; still others 
sang rough drinking songs totally unfitted for the place. 
The greatest disorder prevailed until the effects of the drug 
wore off. 

Several poisons produce ulcerations and skin diseases. 
Best known among these is potassium bichromate which 
formerly caused painful eruptions resembling eczema and 
psoriasis on men and horses engaged in its manufacture. 

While paralysis, scarlatina, tetanus and other ailments may 
be simulated or produced by poisons, certain diseases may 
imitate poisons in their actions. The most rational explana- 
tion in these cases is that the body manufactures its own 
poisons. Often victims of diabetic coma are thought to be 
intoxicated by opium or alcohol. 

Another phase of modern poison lore is the establishment of 
almost perfect antagonism between certain vegetable poisons. 
An excellent example of this is the antagonism between 
atropine and pilocarpine. The former makes the skin dry and 
dilates the pupil; pilocarpine causes the skin to sweat pro- 
fusely and the pupil to contract. A heart arrested by atropine 
can have its beat restored by direct application of pilocarpine. 
Naturally, either substance is used as an antidote in treat- 
ment of poisoning by the other. 

Another interesting activity of poisons is their relationship 
between their chemical composition and the direction in 
which they act. The alkaloid strychnine which causes tetanus 
may be changed by the chemist into another alkaloid which 
produces the opposite effect—paralysis; morphine, a drug 
producing sleep, may also be transformed by a very slight 
chemical metamorphosis into an emetic. 

Weird and terrible are some of the effects that can be 
achieved on man by poisons today. Nitrobenzene, a liquid, 
allows its victims to walk about, without feeling any pain for 
an interval of time ranging from a quarter of an hour to two 


hours; during this time their skin and even the whites of their 
eyes become of a strange purplish livid color; suddenly the 
poison takes effect, and the fatal symptoms set in with 
appalling suddenness and the patient dies in a few minutes. 
Mercaptan, a peculiarly offensive sulfur compound, causes 
the most intense melancholia, almost tending to a desire of 
suicide, in anyone to whom it may be administered. Another 
substance, amylene, produces artificial somnambulism. With 
other toxins a skilled worker can play upon the body of an 
animal as though it were a machine. The beat of the heart 
can be slowed up or quickened; the temperature of the body 
raised or lowered; the pupil of the eye expanded or contracted; 
the limbs paralyzed or convulsed; the blood drawn to the sur- 
face or withdrawn to the interior of the body; even the 
natural color can be changed radically. Fortunately, the 
physician is turning to the use of poisons as a cure of evil not 
a cause. 

Coincident with a steady drop in the use of poisons as a 
means of assassination has come a rise in their use as medi- 
cines. Chloroform is an excellent physiological antidote in 
treatment for strychnine, which causes death through the 
terrific spasms affecting the breathing. If chloroform is given 
to lull the nervous system to sleep, time is afforded for the 
elimination of the alkaloid by natural channels, and an other- 
wise hopeless case is given a chance. Turpentine, too, is a 
wonderful antidote. In cases of poisoning by phosphorus it 
seems to follow and catch up with the latter when circulating 
in the blood. Finally there are the many snake venoms which 
are finding increased use in the treatment of epilepsy, cancer, 
and many other ailments. 

What other parts can poisons play today? We must turn to 
other continents to answer this question after first noting 
that live stock losses in the southwestern United States are 
heavy due to the cattle’s eating coyotillo, loco weeds, and 
white snakeroot, all fairly potent vegetable poisons. In 
Africa, circles of poisoned stakes or the bruised stems of 
poisonous plants are placed in a river by the natives and the 
helpless fish float to the surface. Polynesians mix an un- 
pronouncable poison with taro as a bait and thus catch fish 
by hand. 

Central Australians catch the emu with a bait of pounded 
pituri leaves and water. This preparation stupifies the bird. 
The Macusi of British Guiana make their famous curari 
poison of black and red ants, poison fangs of snakes, the 
climbing strychnos toxifera, and other plants. Natives of 
Borneo use the dried juice of the upas tree whenever a virus 
is needed for hunting. The Bushmen of South America have 
an especially wide range of vegetable poisons to choose from. 
Their favorites for hunting are Digitalis, Strophanthus, and 
the “Bushman poison bush.”’ To each of these plants the na- 
tives add snake poison glands, poisonous spiders, and scor- 
pions, and, in particular, the little and especially deadly 

caterpillar called “‘ngwa.” 

In studying the history of poisons one is struck by an in- 
escapable fact; bad as they are,poisons have in them the means 
for infinite good. Possibly Shakespeare was thinking of them 
when he said: 

“There is a soul of goodness in things evil, 
Would man observingly distil it out.”’ 
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UTILITY PROBLEM 


(Conlinued from page 21) 


The rise of the holding companies was a case of ‘Necessity 
is the mother of invention.”” Long years of experience in the 
early days had demonstrated that electric service failed or 
was expensive either from inability to raise adequate equity 
money or from ignorance and inexperience on the part of the 
operators. The holding company developed naturally to 
supply these two essentials. If it had not been the holding 
company, some other agency would have had to be devised 
and developed to perform the same functions. The job has 
been splendidly done; probably the very excellence of the 
performance has been the reason it has not received more 
general public recognition; it seemed so easy, like the opera- 
tion of any perfectly running machine. 

Yet today, in the Public Utility Holding Company Act of 
1935, we have provisions, beginning in 1938, to break up 
many of our holding company systems, on the basis of criteria 
which have no relation to the virtues or vices of the policies 
and methods of the companies involved. The dissolution, for 
one thing, is made to depend upon geographical integration 
of the parts of the system, so that one holding company, even 
if it should be guilty of every objectionable practice, would 
at least be allowed to live if only its properties were inter- 
connected in adjoining states, while another holding company, 
which might be completely innocent of any wrongdoing, 
would be forced into substantial liquidation merely because 
its properties were diversified geographically. This makes 
neither sense nor justice. 

Integration is most desirable for both the dependability 
and economy of electric service but these results have no 
relation whatever to the question of whether two or more 
properties so integrated belong to the same or different per- 
sons; yet with respect to integration, the question of owner- 
ship is.made the sole criterion for life or death for the owner. 
The economic advantages of interconnection for electric 
properties are and have been for many years so well known 
in the electric industry that practically every interconnection 
with any hope of economic benefit to the public has already 
been made. Interconnection of systems was inaugurated by 
the electric industry a generation ago and practically com- 
pleted nearly ten years ago so that the public has been for a 
long time getting all the benefits which could accrue from 
integration. Why then the dissolution decree for geographi- 
cally diversified systems? 

_ To take example, suppose that arrangements were made 
whereby all the grocery business in a city were owned by one 
concern, in the belief that with that arrangement the people 
would get the best and most plentiful food supply at the low- 
est cost (analogous to the public utility); that subsequently 
it was developed by experience that even greater abundance, 
quality and economy would result from pooling purchases for 
adjoining towns and that in the course of time such “integra- 
tion” had been worked out to the economic limit of the pro- 
cess (which corresponds with integration); and suppose 
further that, in order to effect economy in overhead expense, 
to diversify risk and to facilitate raising money, several such 
pools were owned by one company — that would be a perfect 
analogy of many existing public utility holding company 
systems. Then the Government comes along and, after first 
recognizing the economic value to the people of such pooling, 
nevertheless decrees that the process is evil unless all the pools 
so owned are located in adjoining States. If this reasoning is 
illogical, then the dissolution provision of the Holding Com- 
pany Act of 1935 is equally so. 
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OXONITE INSULATION 


OKONITE insulation with an unsurpassed record 
since 1878 is still generally recognized as the 
acme of perfection for rubber insulations and as 
“the best product possible” of its type. 

The Okonite Company and its affiliates, how- 
ever, have constantly kept step with the ad- 
vances of the electric art. 


Whether the wire or cable is large or small, 
single or multiple conductor, high or low volt- 
age, whether finished with a rubber or a syn- 
thetic compound jacket, braid, lead sheath or 
armor of any type, Okonite can make it. 


In all cases, whether the correct solution calls 
for rubber, impregnated paper, varnished cam- 
bric, asbestos, glass or the newer synthetic 
compounds, the policy still is and will continue 
to be the best product possible. 


SOM2\THE OKONITE COMPANY 


Founded 1878 


HAZARD INSULATED WIRE WORKS DIVISION 


THE OKONITE-CALLENDER CABLE COMPANY, INC. 


EXECUTIVE OFFICE FACTORIES 
PASSAIC Ht Passaic, N. J. » Paterson, N-J 
New Jersey Wilkes-Barre, Pa 





Howard 


OHNSON’ 


Home made 


ICE CREAM — _~ CANDIES 
PASTRIES 


LUNCHEON & DINNER SERVED 
50c .75¢ and $1.00 


VISIT OUR 
Knotty Pine Dining Room 


ae JOIN US AT -- 


Howard Johnson’s 
540 Memorial Drive, Cambridge 


KIRkland 5269 


























































POLAR AURORAE 





(Continued from page 13) 


sparks lengthen delicately in rarefied gases and produce beau- 
tiful luminous lights (Geissler tubes) analogous to those of the 
aurora. Two physicists, De la Rue and Miiller, have found 
that at a pressure corresponding to 11.6 km. altitude, the dis- 
charge is a full red color; at a pressure corresponding to 12.4 
km., the red becomes the carmine tint so frequently observed; 
at a pressure corresponding to 30.9 km. it becomes salmon 
colored and at a height of 34 km. becomes of a paler hue, 
changing, as pressure is lowered, to a pale milky white. Spec- 
trum analysis confirms the assumption that the discharges 

are in air. One line was not, until recently, attributable 
to an atmospheric gas—a prominent, bright green line. At 
first it was thought to be krypton, but this gas exists in such 
small quantities in the air that the idea was soon rejected. 
Recently, however, the line has been shown to be that emitted 
by oxgen under special conditions, as when it is excited to 
emit light through collision with ionized nitrogen. 

The origin of the currents and their subsequent discharges 
which produce the auroral light is the greatest mystery of the 
aurora borealis. Two explanations are now current, and both 
of these satisfactorily account for a unique physical property 
of the aurora; namely the effect which the north magnetic 
pole seems to have upon the formation of the aurora. This 
effect is evidenced in several ways; the rays of rapidly moving 
auroras are nearly parallel to the magnetic needle, the sum- 
mits of arc auroras are very near the magnetic meridian, the 
altitude of auroras decreases as the pole is approached and 
they become more frequent in occurrence, and lastly, north 
of the magnetic meridian the aurora is almost invariably seen 
toward the south, while south of the same meridian the aurora 
is nearly always seen toward the north. 

Edlund, a Swedish physicist of the late nineteenth century, 
explains the origin of the currents in terms of “unipolar in- 
ductance’’—the name given to currents which arise in each 
half of a metallic sheath rotating about a magnet. These 
currents are produced to the same extent whether the magnet 
remains stationary or rotates at the speed of the sheath. To 
show the production of these currents, a metal spring is ap- 
plied to the sheath opposite a pole of the magnet, and another 
opposite the neutral line of the magnet; then the two springs 
are connected by a circuit containing a galvanometer. Direc- 
tion of the currents is from the spring opposite the neutral 
point of the magnet to the spring opposite the pole. Now if the 
earth is considered as a sheath containing a huge magnet, the 
poles of which are the north and south magnetic poles, it is 
logical to assume that currents are induced on the earth’s 
surface. Edlund stated that a particle charged with positive 
electricity taken on the surface of the earth is subject to two 
forces,—one which tends to drive the particle straight up- 
ward into the air; the other, perpendicular to the first, tending 
to draw the particle toward the poles. It is well known that 
rarefied gases are good conductors of electricity; the fancied 
resistance of a vacuum is due to the difficulty which the elec- 
tricity experiences in leaving the electrode, not in transvers- 
ing the surrounding medium. Therefore, when the electricity 
reaches a sufficient height in the atmosphere, it will find strata 
which offer little resistance and consequently it will be able 
to obey without difficulty the forces which attract it toward 
the polar regions. The electricity descends to the earth again 
in two ways. In mean and equatorial latitudes, lightning is 
produced by the accumulation of this positive electricity 
through its contact with the earth’s negative terrestrial elec- 
tricity. In higher latitudes, where the potential of the positive 
electricity is insufficient to produce disruptive discharges, slow 
discharges of continuous currents upon rarefied air result in 
brilliant luminous displays. 

According to a theory of Arrhenius, electrical corpuscles 
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emanating from sun spots are propelled toward the earth by 
the pressure of the sun’s light. Upon approaching the earth, 
the corpuscles are acted on in the direction of the earth’s 
magnetic lines of force and are discharged in the earth’s at- 
mosphere in a manner similar to Edlund’s “currents.’” A 
magnetic pole has an effect upon a beam of parallel cathode- 
rays similar to that of a lens upon parallel beams of light; 
namely, to make them converge toward a point. This phenom- 
enon led to the idea that the aurora was due to a similar effect 
of the earth’s magnetism on rays similar to cathode-rays 
coming from sun spots. To test this hypothesis, a little 
spherical electromagnet was exposed to a stream of cathode- 
rays. A series of analogies to the shape and nature of the 
aurora was obtained. From observations extending over more 
than two centuries, the numbers of auroras have been found 
to follow closely the numbers of sun spots. The latter have a 
maximum approximately every eleven years; during these 
periods the largest and finest auroras occur. Moreover, more 
auroras appear in March and September when the earth is 
more directly opposite the spot zones than in June or Decem- 
ber when the earth is least directly opposite the spot zones. It 
is likely, therefore, that sun spots have a great deal to do with 
the formation of the aurora borealis. 

Since the time when the ancients attributed the aurora 
borealis to the clashing of the arms of two combating armies, 
it has always incited the imagination of the people of the 
world. For hundreds of years, a superstition was rampant that 
the aurora borealis was a herald of impending doom. One 
would think that such a beautiful phenomenon would have 
been conceived rather as a harbinger of promise and hope 
than one of dread and evil, but the explanation is evident 
from such descriptions of the aurora as the following: ‘‘It was 
of an orange-red color and joined to it were dark rays in the 
form of tails, lances, bloody swords, figures of men, and heads 
cut off, bristling with hair and beards. 

In spite of all the study and all the theories which have been 
presented, our entire actual knowledge of the aurora borealis 
is only slightly more than that of the Eskimo to whom it is as 
common as the thick blanket of snow which covers his 
‘“‘world.”” Few phenomena have given rise to as many hypoth- 
esis and theories as the aurora borealis has; fewer have been 
as extensively studied, and yet, have remained so little known. 
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New England Distributors for 


Mallory-Yaxley 
National 


Aerovox 
Hammarlund 
International Resist R.C.A. 
Thordarson Jensen Speakers 
Presto Recorders and Discs, etc. 


Inquiries solicited 


H. JAPPE COMPANY 


46 Cornhill, Boston, Mass. 
LAF. 0510-0511 


Worcester, Mass. Dover, N. H. 


THE TECH ENGINEERING NEWS 























































\ 
ee 


2) 


your Dad 


VAAMMLG mbeny .»e WHEN HE WAS VERY YOUNG 


As small boys, many fathers now living knew the telephone only as a little used 
curiosity. It grew into today’s constantly used necessity largely because the Bell 
System never ceased looking for the new and better way. It stayed young in itsthinking. 
Young ideas developed “conference service”, enabling several nearby or widely 
separated persons to talk on one telephone connection. Young ideas steadily made 
Long Distance service better, quicker, yet cheaper. 
Young ideas are at work day and nighi to make sure America continues to get 
more and better service for its telephone dollar. 
Why not call Mother or Dad tonight? 4 
Rates to most points are lowest after7 P.M. ®, wT, 


BELL TELEPHONE SYSTE 
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LOSE A NEEDLE? 


Not a needle in a haystack, but perhaps a needle in 
a rug. During the manufacture of rugs, needles may 
become broken and embedded in the finished prod- 
uct. Former methods of inspection were tedious and 
time-wasting, but a new magnetic device indicates 
the exact location of the steel fragment. 


This iron. detector, developed in the General Engi- 
neering Laboratory of the General Electric Com- 
pany, consists of a test coil, a motor-generator set, 
and an amplifier. The rug is passed through the 
magnetic field twice in directions at right angles. 
The presence of a broken needle causes a distortion 
in the magnetic field and consequently an unbal- 
anced voltage in the secondary coil. This unbalance 
is amplified, and the relays cause signal lights to 
glow. 


Detectors of similar principle have previously been 
developed for such uses as detecting scrap iron in 
sugar cane and in scrap cellophane. The General 


Engineering Laboratory is constantly receiving 
problems from industrial concerns and is develop- 
ing equipment or giving suggestions to solve these 
problems. 


SEE IF You CAN 
FINO DADDY 


MICROANALYSIS 


Two millionths of a gram of material present in a 
25-cubic-centimeter sample is almost as inconspicu- 
ous as one man in a group composed of the combined 
populations of New York City, Chicago, and De- 
troit gathered in one huge stadium, yet the photo- 
tube and the recently developed spectrophotometer 
can accurately determine such microscopic quanti- 
ties. This detector has been commercially developed 
in the laboratories of the General Electric Company 
from the original design by Professor A. C. Hardy of 
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In medical science, the spectrophotometer should 
prove very useful. The presence and amount of al- 
most any element which will form a colored com- 
pound when combined with some reagent can be 
determined. In the industrial field, paints have been 
studied and the effects of heat, light, ultraviolet 
radiation, humidity, and surface greases have been 
measured. This has proved a reliable guide to pur- 
chase of these materials. 

The spectrophotometer is admirably adapted to the 
study of problems involving colored substances. Its 
scope extends far beyond chemistry, physics, or 
industry. In fact, it is in the biological sciences that 
the instrument will probably find its most important 
applications. 


BY A NOSE 


A century ago there was a race between a horse and 
a locomotive. No such race will be necessary to 
determine the supremacy of the steam-electric 
locomotive being built for the Union Pacific Rail- 
road by the General Electric Company. This new 
unit will get its first trial run on the test tracks at 
the Erie, Pa., Works early this year. 
This new passenger unit will carry a steam-turbine 
electric generating plant to feed power to the traction 
motors. The turbine will exhaust through conden- 
sers, using the same water over and over with small 
additions to make up for leakage. A new, highly effi- 
cient type of steam boiler has been built, and heavy 
fuel oil similar to that used in present-day locomo- 
tives will be used. 
The new unit will be a double-cab locomotive, stream- 
lined, practically smokeless, and provided with 
power equipment for air-conditioning the trailing 
passenger cars. It is rated at 5000 horse-power and 
is capable of hauling 1000-ton trains at a speed of 
110 miles an hour. The efficient fuel consumption 
will allow runs of hundreds of miles at top speed 
without a stop. 
The many desirable constructional features of the 
modern high-speed electric locomotive will be in- 
corporated in the design as a result of General 
Electric’s many years of experience in building and 
equipping electric locomotives. 
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